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The subject invention pertains to materials 
and methods for transformed plants and plant tis- 
sues that are capable of expressing high levels 
of stable proteins which are localized as protein 
bodies within the plant cell. Transformed plants 
co-expressing high levels of both the 15kD and 
lOkD zein proteins are disclosed which accumu- 
late to high levels as protein bodies in the veg- 
etative tissue of the plant. Transformed plants 
co-expressing the 15kD and lOkD zein proteins 
are useful for providing forage crops containing 
increased levels of sulfur containing amino acids, 
such as methionine, in the diet of animals that 
normally feed on such crops. Also contemplated 
by the subject invention are transformed plants 
or plant tissue comprising stable protein bodies 
which contain heterologous proteinaceous mate- 
rial. In one embodiment, a stable protein body 
is expressed in a plant or plant tissue as a fusion 
protein comprising a zein protein and an opera- 
bly linked protein or peptide. The protein bodies 
provided in the present invention are resistant to 
rum in digestion or environmental degradation. 
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DESCRIPTION 
CO-EXPRESSION OF PROTEINS 



Cross-Reference to a Related Application 
5 This is a continuation-in-part application of co-pending application Serial No. 

08/866,879, filed May 30, 1997; and provisional application Serial No. 60/020,424, filed May 
31,1 996, now abandoned. 



Background of the Invention 

10 Alfalfa (Medicago sativa L.) is considered to be the most important cultivated forage 

crop in the world (Hanson et aL, 1988; Michaud et ah, 1988) and is often referred to as "Queen 
of the forage crops" because it is widely grown, has a superb balance of vitamins and minerals, 
is high yielding, is an excellent source of biological nitrogen fixation, and it serves as an 
attractive nectar source for honeybees (Barnes et aL, 1988; Smoliak and Bjorge, 1983). Alfalfa 

1 5 has been bred for years for both forage quality and plant performance. Although alfalfa and 
other leguminous forage crops are high in protein, these plants are deficient in the sulfur amino 
acids (S-amino acids), methionine and cysteine (Kaldy et aL, 1 979). It has been shown that wool 
growth in sheep is limited by the availability of S-amino acids. Similarly, milk production by 
dairy animals is affected by the deficiency of S-amino acids in plants. Efforts to use 

20 conventional plant breeding and cell selection techniques to increase the S-amino acid content 
of alfalfa have met with little or no success. 

A genetic engineering approach to improve the amino acid balance of alfalfa and other 
forage crops would be to introduce into these plants genes encoding proteins high in methionine 
driven by a strong constitutive promoter or a leaf promoter. In order to significantly alter the 

25 amino acid balance of legume forage, the foreign proteins should contain about 1 5 to 25% of S- 
amino acids and constitute 5 to 1 0% of the total leaf protein. To achieve these levels of protein 
accumulation, one has to ensure not only maximum levels of transcription and translation of the 
gene but also the stability of the protein. In regard to forage crops for ruminant animals, the 
digestibility of S-amino acid containing proteins by the rumen bacteria and the stomach enzymes 

30 is also an extremely critical issue in regard to providing a suitable forage crop for ruminant 
animals, but is often overlooked. Thus, the S-amino acid rich protein should be relatively 
resistant to degradation in the rumen (first stomach) of the ruminant animals and should be 
assimilated in the lower gastrointestinal tract. 

Most of the concerted efforts in regard to nutritional improvement in plants has focused 
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on seed proteins. Since corn and other cereal crops are not easily transformable, most work 
directed to seed protein modification has involved testing stability of modified prolamine 
proteins in transgenic tobacco (Williamsons a/., 1988;Ohtanie/a/., 1990) and Xenopus oocytes 
(Wallace et ah 1 988). The synthesis of lysine containing a zeins was also analyzed in transgenic 
5 tobacco and petunia seeds (Williamson et ah, 1988; Ohtani et ah, 1990). Both the normal and 
modified protein were found to have a very short half-life. 

Efforts to improve the S-amino acid content of legume seed proteins have included 
introducing a 45bp oligonucleotide containing six methionine codons into the third exon of a P- 
phaseolin gene. Transformants containing this modified gene showed that the high methionine 

1 0 phaseolin was synthesized at the same level as the normal protein, but was very unstable and was 
rapidly turned over (Hoffman et al, 1988). Introduction of the extra amino acids in the P- 
phaseolin protein probably caused a distortion in its secondary structure making it more 
susceptible to proteolytic degradation. DeClercqe/ (1990), replaced a 23 amino acid coding 
segment between the sixth and seventh cysteine residues of Arabidopsis 2S albumin, with three 

15 different high methionine coding fragments. These modified Arabidopsis 2S genes were 
transformed into A thaliana, B, napus and tobacco. There was some accumulation of the protein 
in the seeds but not as much as predicted. (Chrispeefs,M., personal communication). The gene 
of the 2S albumin of Brazil nut, which contains up to 19% methionine, and driven by the P~ 
phaseolin gene promoter, has been introduced into tobacco (Guerche et aL, 1990), rape 

20 (Altenbach et aL, 1992) and soybean (Pioneer Seed Co.). Recently, Saalbach et ah (1994) 
synthesized the 2S albumin gene and engineered it behind the CaMV 35S promoter. The gene, 
when introduced into tobacco and some grain legumes, showed the highest level of expression 
in the plant leaves and the protein was localized in vacuoles. However, the Brazil nut albumin 
protein is extremely allergenic and may not be acceptable for consumption. 

25 One approach to increase the pools of particular amino acids in plants has been to 

introduce bacterial genes encoding for key regulatory enzymes in amino acid biosynthetic 
pathways in plants. A bacterial gene encoding for aspartate kinase which is desensitized to 
feedback inhibition by lysine and threonine was fused to the P-phaseolin gene promoter and 
introduced into tobacco. The seeds of the transgenic tobacco showed increased levels of free 

30 threonine and methionine (Karchi et al, 1993; Galili, 1995). 

Very little effort has been made with regards to improving forage crop protein quality. 
Schoeder et aL 9 (1991) introduced the chicken ovalbumin gene (cDNA), driven by a CaMV 35S 
promoter, into alfalfa. The transgenic alfalfa plants, however, showed very low level 
accumulation of the protein in the leaves (0.005%). The basis for such a low abundance of this 
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protein in the transgenic alfalfa leaves was not determined. 

Some efforts to obtain alfalfa mutants that have larger free methionine levels have also 
been attempted at the University of Wisconsin. Cell lines with resistance to growth inhibition 
by an amino acid analogs reportedly produce higher than normal amounts of the corresponding 
natural amino acid. Hence, growth on specific amino acid analogs has been used as selection 
tool to select for plants accumulating high levels of a particular amino acid. Amino acid over- 
production is usually due to relaxed feedback control of an enzyme involved in its production 
(Malega, 1978). In an attempt to improve the methionine content of alfalfa, mutagenized 
suspension culture cells of alfalfa were selected for resistance to growth inhibition by a 
methionine analog (Reish et ah, 1981). A few cell lines containing high methionine pools were 
obtained, however, regeneration of these cell lines did not produce plants with high methionine 
content (personal communication, Bingham, ET). 

Zeins are a group of alcohol soluble proteins that are synthesized during endosperm 
development in corn and constitute 50% of the total protein in mature seeds (Lee et aL, 1976). 
The zeins can be divided into four groups, the a, p, y and 8, based on their solubility (Larkins 
et al. 9 1989). The zeins can also be separated by size into groups. The a zeins, which is the 
most abundant class, are made up of the 22kD and 19kD zeins; the central region of these 
proteins consists of repetitive peptides of about 20 amino acid residues (Argos, 1982). The P 
zeins comprise the 15kD zein which contains less proline and glutamine than the a zeins. The 
Y zeins include the 27kD and 16kD class and are very rich in proline (25%). The 8 zeins are a 
relatively minor class consisting of the lOkD zein (Kirihara et aL, 1988). All the zein classes 
are structurally unique. The repeat regions in the a and y zeins probably have a major role in 
the packing of protein bodies. Zeins, in general, contain extremely low levels of the essential 
amino acids lysine, tryptophan and to a lesser extent methionine. The 15kD and lOkD zeins, 
however, are distinguished by their extremely high methionine content (10% and 22.5%, 
respectively) (Giannaza et al. 9 1977). 

The zeins are synthesized on the rough endoplasmic reticulum (RER) and they aggregate 
into protein bodies directly in the RER (Larkins and Hurkman, 1 978). Based on the analysis of 
the zein composition of developing protein bodies in corn endosperm, Lending and Larkins 
(1989), have proposed a descriptive model for the pattern of zein deposition during protein body 
formation in corn endosperm: The P and y zeins are the first to start accumulating within the 
RER. Subsequently, a zeins begin to accumulate as locules within the P and y zeins. With time, 
the a zein locules fuse and form a central core while the P and y zeins form a continuous layer 
around the periphery of the protein body. In a separate study, Esen and Stetter (1992), 
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demonstrated that the 8 zein occurs throughout the core region of the protein body. 

Mutations in maize affect the expression of the different zein genes. Changes in zein 
gene expression in turn have direct impact on the amino acid composition of the seeds. Seeds 
of plants homozygous for the recessive mutation opaque-2, have increased levels of lysine 
5 compared to the wild-type seeds (Misra et al, 1972). The increase in lysine is due to the 
reduced expression of the 22kD a zeins (Langridge et aL, 1983). The inbred line BSSS-53 has 
30% higher level of seed methionine compared to other inbred lines. This increase in 
methionine content is because of a two-fold increase in the level of the lOkD zein (Phillips and 
McClure 1985). 

10 Proteins that accumulate in the endoplasmic reticulum are known to have the amino acid 

sequence Lys(his) Asp Glu Leu (K(H)DEL) near their carboxy terminal end which prevents 
them from exiting into the Golgi (Pelham, 1 990). The zeins and other prolamines, however, lack 
this sequence. A cognate of the 70-kD heat shock protein, BiP which functions as a molecular 
chaperone has been shown to be involved in the formation of prolamine protein body formation 

15 in rice endosperm (Li et ah, 1993b). The involvement of BiP in the formation of zein protein 
bodies is based on the fact that BiP accumulates to high levels in the ER and on the abnormal 
protein bodies of some of the zein regulatory mutants of corn (Boston et al. 9 1991; Zhang & 
Boston, 1992). Overall, however, the mechanisms of zein targeting and assembly in protein 
bodies are poorly understood and it is not known whether inter- and intra-molecular interactions 

20 play a key role in protein body formation. Abe et ah (1991), have suggested that the 
cytoskeleton plays a role in the biogenesis of zein protein bodies. 

As can be understood from the above, there remains a need in the art for plants and 
forage crops that contain stable protein bodies that are high in S-amino acid content. The subject 
invention provides a novel and advantageous means for improving the forage quality of plants. 

25 Brief Description of the Drawings 

Figures 1A-1B show a steady-state accumulation pattern of the 15kD zein protein in 
leaves of transgenic L. japonicus (panel A) and alfalfa Regen SY (panel B). 70% ethanol 
(EtOH) soluble protein (equivalent to 50 ug of the phosphate buffered saline soluble fraction) 
from leaves of different independenttransformants was subjected to SDS-PAGE, electroblotted 

30 onto nitrocellulose and followed by immunoblot analysis using the 1 5kD zein antibody. 

Figure 1C shows a diagrammatic representation of the 15kD zein gene construct. 
Figures 2A-2B show a steady-state accumulation pattern of the lOkD zein protein in 
leaves of transgenic L. japonicus (panel A) and alfalfa, Regen SY (panel B). 70% Et-OH- 
soluble protein (equivalent to 50 [ig of the phosphate buffered saline soluble fraction) from 



WO 00/40738 PCT/US99/08525 

5 

leaves of different independent transform ants was subjected to SDS-PAGE, electroblotted onto 
nitrocellulose and followed by immunoblot analysis using the lOkD zein antibody. 

Figure 2C shows a diagrammatic representation of the lOkD zein gene construct. 
Figures 3A-3C show a steady-state accumulation pattern of the 1 OkD zein in transgenic 
5 tobacco. 

Figure 3 A. Diagrammatic representation of pMlOZ. The construct consists of the 
CaMV 35 S promoter fused at the BgUI site to a 470 bp Bglll-Xhol fragment containing the 
coding region of the 1 OkD zein gene. This is followed by the NOS 3' terminator of pMON3 16 
(Rogers et al. ? 1987). 

1 0 Figure 3B. Analysis of different independenttransformantsfor the accumulation of the 

lOkD zein. EtOH soluble protein extracted from the leaves (equivalentto 50 ug of PBS soluble 
protein), was subjected to SDS PAGE, transferred to nitrocellulose and followed by immunoblot 
analysis using the lOkD zein antibodies. Lanes labeled 1 through 7 (under transformants), 
contain samples from the leaves of different transformants while lanes 1 and 2 (under control), 

1 5 are leaf samples from nontransformed tobacco plants. 

Figure 3C. Analysis of different plant organs (transformant 6) for the accumulation of 
the lOkD zein. EtOH soluble fractions (equivalent to 50 \ig of PBS soluble protein) from the 
various plant parts indicated, along with 2 jug of corn seed protein were subjected to SDS PAGE 
followed by western analysis using the lOkD zein antibodies. UT and Mat stand for 

20 untransformed and mature seeds, respectively. Molecular weight standards were included in the 
gels and the size of two of the relevant markers is indicated. 

Figure 4 shows the fate of lOkD zein in germinating seeds/seedlings of transgenic 
tobacco. Seeds of a lOkD zein plant were sterilized and allowed to germinate under sterile 
conditions and at defined times as indicated in the Figure, seeds/seedlings were harvested and 

25 the EtOH soluble fraction extracted. EtOH soluble fraction equivalent of 50 \ig of PBS soluble 
protein was then subjected to SDS PAGE followed by western analysis using the lOkD zein 
antibody. The position of the lOkD zein on the gel is indicated, and DAG stands for days after 
germination. 

Figure 5A-5D. Ultrastructureand Immunogold localization of 1 OkD zein in transgenic 
30 tobacco leaves. 

Figure 5 A. Regions of two mesophyll cells showing several lOkD zein protein bodies 
(indicated by arrowheads) in a lOkD zein transformant. 

Figure 5B. Higher magnification of lOkD zein protein bodies (indicated by 
arrowheads). 
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Figure 5C. Structure of a 15kD zein protein body in the mesophyll cell of a 15kD zein 
transformant. 

Figure 5D. Immunolocalization of lOkD zein in the leaf cells of a lOkD zein 
transformant with the 5 nm gold particles (indicated by arrowheads). 
5 Figure 6A-6D. Comparison of lOkD and 15kD zein levels in the leaves and seeds of 

the lOkD, 15kD and 10kD/15kD zein plants. 

Figure 6A. EtOH soluble fraction from the leaves (equivalent to 10 jig of PBS soluble 
protein) and seeds (equivalents 50 \ig of PBS soluble protein) of the 1 OkD and 1 0kD/l 5kDzein 
plants were subjected to SDS PAGE followed by western analysis using the lOkD zein 
10 antibodies. 

Figure 6B. Quantification of band intensity from Figure 6A using the Bio Image 
Intelligent Quantifier. 

Figure 6C. EtOH soluble fraction from the leaves and seeds (equivalentto 50 jug of PBS 
soluble protein) of the 1 OkD and 1 0kD/l 5kD zein plants were subjected to SDS PAGE followed 
1 5 by western analysis using the 1 5kD zein antibodies. 

Figure 6D. Quantification of band intensity from Figure 6C using the Bio Image 
Intelligent Quantifier. 

Figure 7A-7D. Subcellular localization of the lOkD and 15kD zeins in leaves of the 
10kD/15kD zein plants. 

20 Figure 7 A. Conventionally fixed and stained sections of leaves from a 1 0kD/l 5kD zein 

plant. Arrowheads point to the protein bodies formed in the cytoplasm. 

Figure 7B. Immunolocalization of the lOkD zein protein using mouse anti-lOkD zein 
antibody diluted 1 :50 followed by 10 nm diameter gold-conjugated goal anti-mouse IgG. 

Figure 7C. Co-immunolocalization of the lOkD and 15kD zeins using the mouse anti- 
25 lOkD zein antibody and the rabbit anti-15kD zein antibodies followed by 10 nm diameter gold 
conjugated goat anti-mouse IgG and 5 nm gold conjugated goat anti rabbit IgG. 

Figure 7D. A higher magnification of a region showing double-labeling from panel C. 
The arrowheads point to the 10 nm gold particles while the arrows point to the 5 nm gold 
particles. 

30 Figure 8. Analysis of the accumulation pattern of BiP in the 5-, P-, and 8-/p-zein 

tobacco transformants. 

Phosphate buffered saline soluble extract (100 (ig of protein) from leaves of a control 
(NT), 8-zein, P-zein and 8-/p~zein plants were subjected to SDS PAGE followed by western 
blotting using an antibody raised to BiP from maize. A positive control lane containing purified 
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BiP (1 \xg) was included in the gel. The lower panel represents the results of band quantification 
using the Intelligent Quantifier. 

Figure 9A represents SEQ ID NO: 5. 

Figure 9B represent SEQ ID NO: 6. 
5 Figure 10 is an overview of the construction of the Z10/OCI plasmid which was 

transformed into tobacco. 

Figures 11 A and 11B are western blots of extracted samples of transformed tobacco 
plants showing a positive immunoreaction with both the Z10 (14A) and OCI (14B) antibodies. 

Brief Description of the Sequences 
SEQ ID NO: 1 represents primer PA which was used to amplify a Z10 fragment from 
plasmid prep (993) Z10 pMON 316/DH56. 

SEQ ID NO: 2 represents primer PB which was used to amplify a Z10 fragment from 
plasmid prep (993) Z10 pMON 316/DH5a. 

SEQ ID NO: 3 represents primer PC which was used to amplify a OC-1 fragment from 
plasmid (809) OclpSP73/DH5a. 

SEQ ID NO: 4 represents primer PD which was used to amplify a OC-1 fragment from 
plasmid (809) OclpSP73/DH5a. 

SEQ ID NO: 5 represents a Z10 fragment as illustrated in Figure 9A. 
SEQ ID NO: 6 represents an OCI fragment as illustrated in Figure 9B. 



10 



15 



20 



Brief Summary of the Invention 
The present invention relates to the co-expression of proteins that results in a greater 
accumulation in a cell of one of the proteins when compared to the levels of the same protein 
25 when expressed alone. The proteins are expressed in prokaryotic or eukaryotic cells. One or 
both of the proteins are accumulated in the cell at higher levels when expressed together than 
when the proteins are expressed alone in a cell. Standard, routine genetic engineering techniques 
are employed to (i) isolate the appropriate DN A encoding desired proteins including regulatory 
sequences, (ii) transform a target cell and, in the case of plants, to regenerate a transgenic plant. 
30 The transgenic cells are grown under conditions sufficient to result in the accumulation of one 
or both proteins at high levels. The proteins accumulated in the cell exhibit increased stability 
and resistance to degradation. 

The subject invention also concerns plants and plant tissues that are capable of 
expressing high levels of stable proteins which are localized as protein bodies within the plant 
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cell. Specifically exemplified are plants co-expressing both the 15kD and lOkD zein proteins. 
Transformed plants co-expressing the 15kD and lOkD zein proteins are useful for providing 
forage crops containing increased levels of sulfur containing amino acids, such as methionine, 
in the diet of animals that normally feed on such crops. Also contemplated by the subject 
5 invention are plants or plant tissues containing novel heterotypic protein bodies elevated in one 
or more other essential amino acids (e.g., arginine, histidine, leucine, isoleucine, lysine, 
phenylalanine, threonine, tryptophan, tyrosine and valine). Also contemplated by the present 
invention are protein bodies which result in the enhanced accumulation of normally unstable 
proteins in plant tissue. 

10 The subject invention also concerns plants or plant tissue comprising rumin stable 

protein bodies which contain other proteinaceousmaterial, for example, an antigenic determinant 
capable of eliciting an immune response, a proteinaceous drug, pesticide or antimicrobial 
peptide. Heterologous proteins can be expressed in plants transformed with the storage proteins 
of the subject invention which can act as a "carrier protein," whereby the proteins coalesce and 

15 accumulate in the cell as a protein body. In an alternative embodiment, a rumin stable protein 
body is provided in a plant or plant tissue as a fusion protein expressed in the cell comprising 
a zein protein and a heterologous protein or peptide. 



Detailed Description of the Invention 

20 The subject invention concerns plants and plant tissues that are capable of expressing 

high levels of stable storage proteins which are localized as protein bodies within the plant cell. 
Plants contemplated within the scope of the invention include forage crop plants, including, for 
example, alfalfa, clover, corn silage, sorghum and other leguminous crops, transformed to 
express the proteins of the invention. Also contemplated within the scope of the present 

25 invention are plants for human consumption which have been transformed to express proteins 
that enhance the protein quality of the plant for improved nutrition. Specifically exemplified are 
plants expressing proteins containing high levels of S-amino acids, such as methionine and 
cysteine. In a preferred embodiment, a zein protein is expressed in the plant or plant tissue. 
More preferably, the zein protein expressed is the 1 5kD or lOkD zein protein. Most preferably, 

30 both the 15kD and lOkD zein proteins are co-expressed in the plant or plant tissue. Plants 
having genotypes carrying the lOkD and 15kD zein genes were sexually crossed to create 
hybrids carrying both constructs. The zein proteins expressed in the transformed plants are 
resistant to rumin degradation and, therefore, are useful for providing nutritionally important 
amino acids that can be digested in the stomach and absorbed by the ruminant animal because 
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of the protein's capacity to "by-pass" the rumin. 

Also contemplated by the subject invention are plants or plant tissue comprising rumin 
stable protein bodies which contain other proteinaceous material, for example, an antigenic 
determinant capable of eliciting an immune response, a proteinaceous drug, pesticide or 
5 antimicrobial peptide. Heterologous and endogenous proteins and synthetic peptides having 
essential amino acids can be expressed in plants transformed with the storage proteins of the 
subject invention which can act as a "carrier protein," whereby the proteins coalesce and 
accumulate in the cell as a protein body. In an alternative embodiment, a rumin stable protein 
body is expressed in a plant or plant tissue as a fusion protein comprising a zein protein and a 

10 heterologous protein or peptide. The fusion protein can be designed to yield the heterologous 
protein portion by cleavage with a selected enzyme or under certain physiological conditions. 
Preferably, the zein protein expressed as part of the fusion protein is the 15kD or lOkD zein 
protein. More preferably, both the 15kD and lOkD zein proteins are co-expressed in the plant 
or plant tissue comprising the fusion protein. 

1 5 The subject invention also pertains to a rumin stable protein body. Rumin stable protein 

bodies of the invention are not subject to digestion by rumin bacteria in the rumin of an animal 
but can be digested proteolytic enzymes of an animal's stomach. A rumin stable protein body 
of the present invention can be prepared which contains heterologous proteinaceous material in 
addition to the rumin stable protein. For example, an antigenic determinant capable of eliciting 

20 an immune response, a proteinaceous drug, pesticide or antimicrobial peptide. Rumin stable 
protein bodies can be isolated from plants that have been transformed with polynucleotide 
molecules encoding the desired rumin stable proteins. Plant cells expressing the polynucleotide 
molecules encoding the desired rumin stable proteins can be readily selected and regenerated 
into plants or plant tissue using standard techniques known in the art. 

25 In one embodiment of the present invention, a storage protein gene is co-expressed in 

a cell with a second protein gene whereby the second protein is accumulated in the cell at a level 
that is higher than when the second gene is expressed alone in the cell, i.e., in the absence of the 
storage protein gene. In a preferred embodiment, the storage protein gene is a seed storage 
protein gene, the target cell is a plant cell and the second protein gene can be any gene encoding 

30 a desirable protein. Regulatory sequences employed with the protein genes (promoters, 
initiation sequences, termination sequences, polyadenylation sequences, enhancers, etc) are 
readily chosen by one of ordinary skill in the art based on a variety of factors, such as, for 
example, i) the specific protein genes employed, ii) the target cell to be transformed, iii) the 
plant tissue where expression/accumulation is desired, iv) the particular plant (monocot, dicot, 
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etc) species to be transformed, etc. For example, when a plant cell is the target cell then a 
constitutive promoter may be chosen (e.g., CaMV 35S, ubiquitin, etc) or a tissue specific 
promoter may be employed that will express at high levels in specific tissues (seeds, green 
tissues, etc). 

5 In another embodiment of the present invention, a 1 5 kD zein protein gene is employed 

with a second protein gene in a plant cell that results in accumulation of the second protein in 
the plant cell. The genes can be contained on a single expression cassette and inserted into the 
plant genome employing standard transformation and regeneration techniques. Alternatively, 
the protein genes can be inserted into a plant cell genome independently in separate expression 

10 cassettes and transgenic plants can be regenerated therefrom. Also, the protein genes can be 
inserted into separate plant cells and regenerated into fertile, transgenic plants each containing 
one of the protein genes. These transgenic plants can then be cross fertilized employing standard 
plant breeding techniques to result in a cross that contains both the 15 kD zein protein gene and 
the second protein gene wherein the second protein is accumulated in one or more plant tissues. 

15 In a preferred embodiment of the present invention, alfalfa, tobacco or other plant cells 

are transformed with a 15 kD zein protein gene and a 10 kD zein protein (second protein) 
wherein both genes are driven by a constitutive promoter. Fertile, transgenic plants containing 
both gene constructs are regenerated. Progeny plants are grown and the 10 kD zein protein is 
accumulated in green tissue at level of 5 to 1 0 times or more when compared to the accumulation 

20 level of the 10 kD protein when expressed alone. 

Additionally, the present invention encompasses novel protein bodies formed as a result 
of expressing a storage protein gene and a second protein gene in green plant tissues. In one 
embodiment, the novel protein body comprises a 15kD zein protein and a second protein. The 
protein body is typically located in leaf tissue. In a preferred embodiment, the novel protein 

25 body is located in leaf tissue and comprises a 1 5 kD zein protein and a 10 kD zein protein. 

The subject invention also concerns a method for increasingthe forage quality of a plant 
comprising transforming a plant or plant tissue with a polynucleotide molecule that encodes a 
storage protein of the present invention. Methods for transforming plants and selecting for 
expression of the transformed genotype are known in the art. In a preferred embodiment of the 

30 method, the polynucleotideencodes a zein protein which is expressed in the plant or plant tissue. 
More preferably, the zein protein expressed is the 1 5kD or lOkD zein protein. Most preferably, 
both the 1 5kD and 1 OkD zein proteins are co-expressed in the transformed plant or plant tissue. 
Transgenic plants can be readily prepared from the transformed plant or plant tissue using 
standard techniques known in the art. 
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The subject invention also concerns methods for increasing the stability and storage of 
a heterologous protein in a plant or plant tissue. Heterologous proteins can be expressed in 
plants transformed with the storage proteins of the subject invention which can act as a "carrier 
protein," whereby the proteins coalesce and accumulate in the cell as a protein body. In an 
alternative embodiment of the subject method, a plant is transformed with a polynucleotide 
molecule that encodes a fusion protein comprising a storage protein of the present invention 
operably linked with a heterologous protein or peptide. 

The zein proteins of the present invention include not only those proteins having the 
same amino acid sequence as found in nature, including allelic variants, but also includes those 
variant zein proteins having conservative amino acid substitutions, additions and deletions in the 
protein sequence, as long as the variant protein retains substantially the same relevant biological 
activity as the native zein protein. The skilled artisan, having the benefit of the teachings 
disclosed herein, can readily determine whether a variant protein retains the substantially the 
same biological activity as the non-modified protein. 

Materials and Methods 

Recombinant DNA Techniques 

Standard procedures were used for recombinant DNA manipulations (Maniatis et ah, 
1982). Plasmid pMZEHOk containing the lOkD zein cDNA isolated from a corn endosperm 
cDNA library (Kirihara et aL, 1988), was a gift from Dr. J. Messing. A 470bp EcoRl/Xbal 
fragment containing the entire coding region was removed from pUC 119 and cloned into the 
EcoRl and Xbal sites of pSP73 . The stop codon for the 1 OkD zein is contained within the Xbal 
site. The lOkD zein gene was then recovered as a Bglll/Xhol fragment and inserted into the 
BgUI and Xhol sites in the polylinker of pMON316 (Rogers et aL, 1987). The translation 
terminator following the stop codon of the lOkD zein is the NOS terminator. The resulting 
plasmid was called pMIOZ (Fig 1 A). Plasmid pMEZ is as described by Bagga et al (1995). 

Plant Transformation and Regeneration 

The plasmid pMIOZ was mobilized from E. coli DH5oc into the Agrobacterium 
tumefaciens receptor strain pTiT37ASE by triparental mating (Rogers et aL, 1987). Nicotiana 
tabacum cv Xanthi was transformed by the leaf disc procedure (Horsch et aL, 1987). 
Transformantswere selected and regenerated on MS media containing 1 00 fig of kanamycin/ml 
shoots appeared within 4-6 weeks after inoculation. The shoots were rooted on the same media 
without hormones and transferred to the soil. 
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To obtain the lOkD zein/15kDzein plants containing both the zein genes driven by the 
CaMV35S promoter, tobacco transformants containing either the pMIOZ or pMEZ were crossed 
and the seeds obtained were germinated on media containing 200 jig/ml of kanamycin. Western 
analysis was performed with protein extracts from the seedlings using both 1 5kD zein and 1 OkD 
5 zein antibodies. Plants expressing both the zein genes (10kD/15kD zein plant) and the parent 
plants (lOkD zein and 15kD zein plants) were used in all comparative analysis. 



Zein Extraction and Western Analysis 

10 Plant tissues were ground and extracted in phosphate buffered saline (PBS) and 

centrifuged. The supernatant was used for protein determination using the Bradford assay (BIO 
RAD). The pellet from centrifugation was incubated in 70% ethanol containing 1% of 
mercaptoethanolat 65 °C for 30 minutes to extract the zein proteins. For western analysis, the 
EtOH-extractable fraction equivalent of a known amount of PBS soluble protein extract was 

15 subjected to SDS-PAGE (Laemmli, 1970), followed by electroblotting onto nitrocellulose 
membrane. The membrane was blocked for 1 to 2 hrs with 1% BSA in Tris-buffered saline 
containing 0.05% Tween 20 (TBST), followed by overnight incubation in the same solution 
containing the appropriate antibodies. The lOkD zein monoclonal antibodies were provided by 
DEKALB Genetics Corporation, the lOkD zein polyclonal antibodies by Dr. J. Messing and the 

20 15kD zein polyclonal antibodies by Dr. B. Larkins. The protein bands reacting with the 
antibodies were made visible by using an alkaline phosphatase-linked second antibody (goat 
antibody or rabbit IgG in case of the polyclonal antibody or mouse IgG in the case of the 
monoclonal antibody) and the substrates, nitrobluetetrazolium and 5-bromo-4-chloro-3-indolyl- 
phosphate according to the manufacturer's instructions (Promega). Both the polyclonal and 

25 monoclonal antibodies for the lOkD zein gave similar results on western analysis and 
immuno localization on the 1 OkD zein plants, but the polyclonal antibodies showed some degree 
of cross-reactivity with the 15kD zein and as such in all our comparative analysis involving the 
parents and the crossed progeny, only the monoclonal antibodies were used. 

30 Analysis ofBiP 

The phosphate buffered saline (PBS) soluble extracts from the leaves of the different 
plants were subjected to SDS PAGE followed by western analysis using the polyclonal 
antibodies for maize BiP (provided by Dr. R. Boston) using the procedure described in zein 
extraction and western analysis section above. 
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In vivo labeling of leaf discs 

Four leaf discs (7 mm in diameter) from young expanding leaves were incubated in 120 
\x\ of labeling mix (1 mM potassium phosphate, pH 6, 1% sucrose and 50 |ig of 
chloramphenicol) containing 120 fici of 35S methionine (specific activity 1047 ci/mMol), for 
5 2 hours in the light. The discs were then washed well with the incubation buffer and the samples 
ground in cold PBS. The samples were extracted in PBS, protein estimation made in the PBS 
soluble fraction and the zeins were recovered from the pellet as described by Bagga et al. ( 1 995). 
The proteins were analyzed by SDS PAGE followed by electroblotting on PVDF membrane 
(Millipore). The membrane was sprayed with Enhance (NEN), air dried and exposed to X-ray 
10 film. 

Electron Microscopy 

Small pieces of leaf and seed tissue were fixed in 2.5% glutaraldehydein 0.07 M sodium 
cacodylate buffer for 2 h and then postfixed in 1% aqueous osmium tetroxide for 1 hr. The 
15 samples were dehydrated in EtOH and embedded in Spurr's resin at 70°C. Silver sections on 
copper grids were then stained in uranyl acetate and Reynold's lead citrate. The grids were 
examined in a Hitachi H7000 transmission electron microscope. 

Immunoelectron Microscopy 

20 Small pieces of leaf and seed tissue were fixed for 2 h on ice in 4% paraformaldehyde 

and 0.6% glutaraldehydein 0.33 M sodium/potassium phosphate buffer (pH 7.3) containing 0.1 
M sucrose. The tissue was washed in three changes of buffer containing 7% sucrose and kept 
in the last change overnight at 4°C. Two different protocols were used at this stage: the fixed 
tissue was dehydrated in EtOH, infiltrated with Lowicryl at -10°C and resin was polymerized 

25 under UV light at -10°C for 24 hr and then at room temperature for 24 hr. In the second 
protocol the tissue was dehydrated in EtOH and embedded in either Spurr's resin or LR White 
resin and polymerized at 50 °C. The remaining steps were all done at room temperature. (The 
different resins were purchased from Electron Microscopy Sciences, Ft. Washington, PA.) 
Silver sections on nickel grids were first incubated in a blocking solution of 10 mM Tris-saline 

30 containing 1% BSA (Sigma), 0.05% Tween 20 (Sigma), and 1 5 mM NaCl. This buffer mixture 
was used in all of the remaining steps. For immunolabeling seed sections, 5 to 20% normal 
serum from the animal source of the antibody was added to the blocking solution in order to 
reduce non-specific staining. 

Immunolabeling with the lOkD zein antibodies : The grids of sections from the 1 OkD 
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and 1 OkD/1 5kD zein crosses were drained and incubated with the monoclonal antibody to 1 OkD 
zein diluted 1 :50 in buffer for 45 min to 4 h. Controls were incubated in nonimmune mouse IgG. 
They were then washed in the buffer and placed in gold-labeled, goat anti-mouse IgG with a 
diameter of 10 nm (Sigma) diluted 1 :50 in buffer for 45 min. In case of the sections from the 
lOkD zein plant, the grids were incubated with the polyclonal rabbit anti-lOkD zein diluted 
1:1000 in buffer for 60 min. They were then washed and incubated in a solution of gold- 
conjugated anti-rabbit IgG with a diameter of 5 nm, diluted 1:50 for 60 min. Since the 
polyclonal 1 OkD zein antibody cross-reacted with the 15kD zein, in case of the 10kD/15kD zein 
cross, the grids were incubated with the lOkD zein monoclonal antibody followed by gold- 
conjugated anti-mouse IgG with a diameter of 10 nm. The grids were washed in Tris-Saline 
containing Tween 20 and 1% BSA, followed by double-distilled water. The grids were then 
examined either unstained or lightly poststained in uranyl acetate and lead citrate. 

Double-labe ling with the 1 OkD and 15kD zein antibodies: The grids were incubated in 
rabbit anti-15kD zein diluted to 1:100 for 45 to 60 min. The grids were washed and incubated 
in gold-conjugated goat anti-rabbit IgG with a diameter of 5 nm, diluted 1:50 for 45-60 min. 
The grids were then thoroughly washed in the buffer and then incubated with mouse anti-1 OkD 
zein diluted 1:50 in buffer for 45 to 60 min. They were then washed in buffer followed by 
distilled water and incubated in gold-conjugated goal anti-mouse IgG with a diameter of 10 nm 
diluted 1 :50 in buffer for 45 min. The grids were washed in Tris-Saline containing Tween 20 
and 1% BSA, followed by double-distilled water. The grids were then examined either 
unstained or lightly poststained in uranyl acetate and lead citrate. 

Following are examples which exemplify certain embodiments of the subject invention. 
These examples are illustrative and should not be construed as limiting the subject invention in 
any manner. 

Example 1 — Accumulation of the 15kDand 1 OkD zeins in vegetative tissues of L.japonicw and 
alfalfa 

1 5kD and 1 OkD zein coding sequences under the control of a CaMV 3 5 S promoter were 
introduced into L. japonicus and alfalfa (Regen SY). As shown in Figures 1 and 2, both zein 
proteins showed high levels of accumulation in the vegetative tissues of all the transformants (1 
to 2% of total protein). In contrast, the p-phaseolin gene driven by the CaMV 35S promoter, 
showed constitutive accumulation of the transcripts but, only seed specific accumulation of the 
protein. The results suggest that the zeins are stable in vegetative tissues while P-phaseolin, 
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which is a vacuolar protein, is not. The stability of the zein proteins can be attributed to the 
intrinsic properties of the protein or to its subcellular location. 

Example 2 - Accumulation of zein prote in in vegetative tissues of tobacco transformants 
5 Tobacco plants were transformed with the gene construct pMl 0Z, consisting of the lOkD zein 
gene driven by the CaMV 35S promoter (Figure 3 A). Leaves from seven randomly picked 
independent transformants were subjected to western analysis to measure the accumulation of 
lOkD zein (Figure 3B). All of the transformants showed two immunoreactive proteins, one of 
which co-migrated with the lOkD zein from corn seeds (position indicated by arrow) and the 

10 other as a 29kD band. The latter did not co-migrate with the higher molecular weight 
immunoreactive band seen in corn seeds (Figure 3C). The 29kD immunoreactive band obtained 
from the leaves of the transgenic plants probably represents an aggregate of the lOkD zein and 
another endogenous leaf protein. Similarly, the 20kD immunoreactive protein band in the corn 
seed may represent an aggregate of the lOkD zein with an endogenous corn protein. The 

1 5 accumulation of the 1 OkD and the 29kD immunoreactive bands differed by about 1 0 fold among 
the different transformants. Transformant 4 showed almost negligible level of both the 
immunoreactive bands. Differences in the amount of accumulation of the lOkD zein in the 
various transformants can probably be attributed to position effect or the number of copies of 
the integrated gene. 

20 To determine the accumulation of 1 OkD zein protein among different plant parts, equal 

amounts of protein extract (equivalent of 50 jig of PBS soluble protein) from the leaf, stem, root 
and seeds of transformant 6 were subjected to western analysis along with corn seed extract 
(equivalent of 2 ^g PBS soluble fraction) (Figure 3C). The leaves showed the highest level of 
accumulation of 1 OkD zein followed by the stem. The seeds had about a 10-fold lower level of 

25 1 OkD zein compared to leaves, as was the case with the 1 5kD zein in transgenic tobacco (Bagga 
et aL, 1995). Taken together, our results suggest that lOkD zein accumulates to significant 
levels in all organs of transgenic tobacco, as we had reported earlier for 1 5kD zein (Bagga et aL, 
1995). 

30 Example 3 - Stability of zein in germinating tobacco seeds 

It was previously shown that the 15kD zein in transgenic tobacco seeds is not 
proteolytically digested during germination (Hoffman et aL, 1987; Bagga et aL 9 1997). To 
determine if the lOkD zein behaves in a similar manner, seeds from a lOkD zein plant were 
allowed to germinate for different time periods (0 to 1 0 days), the seeds/seedlings harvested and 



WO 00/40738 PCT/US99/08525 

16 

their ethanol-soluble proteins extracted and analyzed by western analysis using the lOkD zein 
antibodies (Figure 4). The level of lOkD zein remained essentially unchanged for the first four 
days of germination, after which the level showed a dramatic increase in concentration. A slight 
drop in the level of the 1 OkD zein was observed between 0 and 1 day after germination (DAG), 
5 but after that the level was maintained till 4DAG. The drop observed with the 3 DAG sample 
was not consistent within different experiments and is attributed to lower load of the protein 
extract in that lane. The 4DAG time point coincided with the appearance of the first set of green 
leaves and may be related to the activation of the CaMV 35S promoter in the developing 
seedling. The immunoreactive lOkD zein band also appeared fairly diffused in SDS-gels of 
10 proteins from the seedling stage, as has been observe with the leaf sample, suggesting that the 
leaves have some material in the ethanol-solubleprotein fraction that interferes with the mobility 
of lOkD zein. These results suggest that lOkD zein is not degraded during germination of 
tobacco seeds. 



15 Example 4 — Immunolocalization of the 15kD and lOkD zein proteins in novel protein bodies 
in transgenic plants 

To understand the basis for the stability of the 1 5kD and 1 OkD zein proteins in the leaves 
of transgenic plants, the location of these proteins at a subcellular level was examined. Leaves 
of the transformants, along with control plants, were subjected to ultrastructural analysis 

20 followed by immunocytochemistry (using 15kD and lOkD zein antibodies). The 15kD zein 
protein appears to be uniformly distributed in unique rosette-shaped protein bodies lined by 
RER. (Baggaefa/., 1995, Appendix). These protein bodies were also seen in L. japonicus and 
alfalfa expressing this 15kD zein gene. 

Electron microscopy was also performed on leaf tissue from transgenic tobacco 

25 expressing the lOkD zein to check for the presence of any protein bodies. As seen in Figure 5 A 
and 5B, protein bodies very different from the 15kD zein protein bodies (Figure 5C) were seen 
in the leaves of the lOkD zein plants. The protein bodies in the lOkD zein plants appeared very 
osmophilic,the osmophilia being concentrated along the circumference of the bodies. In some 
cross sections, the osmophilia appeared to radiate in discrete spokes from a central hub (Figure 

30 5B). The protein bodies seen in the 15kD zein plants did not exhibit this extreme osmophilia 
(Figure 5C). In some of the leaf sections, the lOkD zein protein bodies were found to be 
associated with the ER but in most cases because of the large size of the bodies the ER 
membranes appeared disjointed. Based on immunolocalization, the lOkD zein was found to be 
evenly distributed in these unique protein bodies, suggesting that they result from assembly of 
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Example 5 - Simultaneous accumulation of the 15kD and lOkD zeins in transformants 
expressing both genes 

Sexual crosses were made between tobacco transformants expressing either the 15kD 
or 1 OkD zeins in order to determine if these proteins interact with one another and affect protein 
accumulation in the plant cell. Seeds from these crosses were germinated on 200 ^ig/ml of 
kanamycin and seedlings expressing both genes were selected based on positive PCR using both 
1 5kD and 1 OkD zein gene-specific primers. Protein extracts from the leaves of two independent 
plants expressing both genes and their respective parents were analyzed by immunoblotting 
using both 15kDand 1 OkD zein antibodies. The accumulation of the 15kDzein protein appeared 
similar in both the parents and the 10kD/15kD zein crossed plants, while the accumulation of 
the lOkD zein was many fold higher in the 10kD/15kD zein crossed plants compared to the 
corresponding lOkD zein parent. 

To determine the exact level of increase of the 1 OkD zein due to co-expression with the 
15kD zein, equal amounts of the protein extracts from the leaves and seeds of one of the lOkD 
zein plants, a 15kD zein plant and the corresponding 10kD/15kD zein cross was analyzed by 
western analysis followed by quantitation of the immunoreactive bands using an Intelligent 
Quantifier (Biolmage) (Figure 6). This quantitative analysis shoed that the 15kD zein levels in 
both the seeds and the leaves of the 1 0kD/l 5kD zein plants were essentially similar to those in 
the 15kD zein parent plant (Figure 6C, 6D). However, the amount of lOkD zein, was four- to 
five-fold higher in the leaves and seeds of the 10kD/15kD zein cross compared to the parent 
plant (Figure 6A, 6B). The level of the 15kD and lOkD zein in the cross or the parental lines 
cannot be compared directly with each other because of differences in the antigenicity of the two 
antibodies and the concentration of the antibodies used for developing the blots. These results 
also confirm previous studies indicating that the leaves accumulate more of the zein proteins 
than the seeds. Note that in case of the 1 OkD zein protein (Figure 6A, 6B), the amount of protein 
loaded on the gel is 10 jig for the leaf samples and 50 \ig for the seed samples. 

Example 6 - lOkD zein protein is localized in the same ER-derived protein bodies as the 15kD 
zein in plants co-expressing the lOkD and 15kD zein genes 

Increased accumulation of the lOkD zein in the 10kD/15kD zein cross compared to the 
lOkD zein plant alone is suggestive of some kind of interaction between the lOkD and 15kD 
zeins. Electron microscopy and immunocytochemistry of leaf tissue from a 10kD/15kD zein 
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plant revealed only the ER-derived protein bodies typical for 15kD zein (Figure 7A). We did 
not observe any protein bodies similar to detected in the lOkD zein plants. However, 
immunolocalizationof lOkDzein showed that the protein was exclusively confined in the 15kD 
zein protein bodies (Figure 7B). To determine whether the 1 OkD zein and 1 5kD zein were both 
located in the 15kD zein protein bodies, we performed double-labeling immunocytochemistry 
on leaf and seed sections of the 10kD/15kD zein plant using monoclonal antibodies for the lOkD 
zein and polyclonal antibodies for the 1 5kD zein. Both the 1 OkD zein (represented by the larger 
10 nm gold particles) and 15kD zein (represented by the smaller 5 nm gold particles) were 
immunolocalized in the same 1 5kD zein protein bodies (Figure 7C,D).Thus, the 1 5kD and 1 OkD 
zeins have been demonstrated to interact with one another and this interaction stabilizes the two 
proteins. 

Example 7 - Introduction of multiple copies of 15kD and lOkD zein genes into alfalfa 

Multiple copies of the 15kD and lOkD genes can be introduced in plants as a method 
of increasing the total leaf content of S-amino acid containing proteins. In addition to those 
constructs utilizing the 35 S promoter, gene constructs driven by the SSU promoter and the 
mannopine synthase promoter can be used to avoid any potential problems of co-suppression. 
Isogenic populations carrying either the lOkD, the 15kD, or both the lOkD and the 15kD zein 
constructs can be sexually developed. Trends in zein dosage effects on expression "per se" in 
alfalfa, interactions between constructs, and the influence of each construct on plant 
development, forage quality and yield can be determined based on general comparisons of the 
average number of zein constructs expected within a population. Genetically defined genotypes 
from three populations carrying from one to four copies of either the lOkD or 15kD construct 
or one to two copies of both the lOkD and 15kD constructs can also be examined. The most 
direct approach to sexually increase zein copy number among regenerated somaclones would 
be to either self-pollinate individual regenerates or to intercross them. Intercrossing regenerants, 
however, is genetically equivalent to selling in this case. To minimize the confounding effects 
of inbreeding depression a series of hybrid populations can be developed to examine the 
influence of zein constructs on forage yield and quality of alfalfa. 

Example 8 — Ruminant digestion of proteins 

In ruminant animals, food is first acted upon by microorganisms inhabiting the first 
stomach (rumen) of the animal. The cellulose in plant material is digested by the inhabiting 
microorganisms since these animals do not produce cellulase on their own. These 
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microorganisms, however, are also capable of breaking down plant proteins and utilizing the 
released amino acids for their own growth. These ruminant microbes are subsequently digested 
as they pass through rest of the digestive tract of the animal, thereby providing an important 
source of protein and other nutrients. However, a large part of these proteins are deminated in 
5 the nitrogen excreted in the urine. Not only does this reduce the nutritional quality of the feed 
material, it also results in excess nitrogenous environmental pollution. The problem is 
exacerbated when ruminant animals are given very high protein diets in an effort to maximize 
milk production. Amino acid supplements (e.g., methionine or lysine) are also subject to 
substantial degradation in the rumin and, thus, various rumin-protectedamino acid supplements 

10 have been developed. Thus, it would be extremely desirable to feed intact proteins which are 
more resistant to microbial degradation. Therefore, it was important to determine if the zein 
proteins can be digested by the rumen bacteria and to determine if the zein proteins are digestible 
by the enzymes in the stomach of the ruminant animals. 

Plant tissue was processed using mortar and pestle. Samples were placed into DACRON 

15 polyester bags (pore size 52 um). Approximately .3 g of each sample was kept for comparison 
purposes and the remaining amount was incubated inside the rumin of a cannulatedHolstein cow 
for a period of 12 hours. Bags were then removed from the rumin, washed and dried in a 60 
degree C oven overnight. The 15kD zein and 10KD zein proteins were monitored 
immunologically (Western blotting) and by staining procedures. Ribulose biphosphate 

20 carboxylase which is highly degradable by ruminal bacteria (Nugent et al. y 1983) was monitored 
and used as a internal control. Very low levels of zein degradation was observed, whereas the 
ribulose biphosphate carboxylase was completely degraded after the treatment. The levels of 
zeins in the treated and untreated samples was determined to be comparable. It was also 
determined that the zein protein is digested by stomach enzymes of ruminant animals. 

25 

Example 9 — Induction of BiP in transgenic plants expressing the zein genes 

Since BiP, an endogenous plant protein, has been implicated to have a role in prolamin 
protein body biogenesis (Li et al., 1993a; Zhang and Boston, 1991), it followed that BiP may 
have a role in the formation of zein protein bodies in transgenic tobacco plants. To test whether 
30 BiP is increased in plants making zein protein bodies, protein samples from leaves of 5-zein, P~ 
zein and 8-/p~zein plants were subjected to quantitative western analysis using a corn BiP 
antibody (Zhang and Boston, 1992). The PBS soluble sample (100 \xg) from a control plant and 
three transgenic plants (8-, P-, and 8-/p-zein plants) at the same developmental stage, all grown 
under the same conditions, along with 1 \ig of purified BiP from corn, were subjected to SDS 
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PAGE followed by western analysis (Figure 8, top panel). The immunoreactive bands were then 
analyzed using the Intelligent Quantifier. The lower panel in Figure 8 is the graphical 
representation of the relative intensity of the immunoreactive bands. All three transgenic plants 
showed a significantly higher level of BiP accumulation when compared to the control; the 
5 levels of BiP were more or less similar in the three transformants. Thus, the synthesis of the zein 
proteins in the transgenic plants induces the synthesis or stable accumulation of BiP. 



Example 1 0 - Expression and Stabilization of Proteins for the Purpose of Plan t Pest Control 
A chimeric gene (Z 1 0/OCT) consisting of a 1 OkD zein gene (Z 1 0) fused in frame to the 

10 front of an oryzacystatin I (OCI) protease inhibitor gene was designed to enhance the stability 
and effectiveness of OCI in transgenic plants for use in the control of plant pests. The chimeric 
gene includes both the coding and signal peptide regions of the 1 OkD zein and the coding region 
of the OCI, and is controlled by the constitutive CaMV 355 promoter. An anticipated protein 
product of approximately 26kD was expressed in plants transformed with the chimeric gene, as 

15 demonstrated on western blots probed with both OCI and lOkD zein antibodies. We have 
previously shown that plants transformed with lOkD zein, alone, express an expected protein 
product when probed with zein antibodies, while plants transformed with OCI, alone, show no 
detectable expression when probed with OCI antibodies. This observation shows that the 
Z10/OCI chimeric gene results in an increased stabilization of OCI, and further demonstrates 

20 the considerable stabilization of protein product by virtue of the discovery that zeins have a 
tendency to localize in enclosed protein bodies. Others have reported the effectiveness of 
protease inhibitors against various plant pests, including Colorado potato beetle and plant 
parasitic nematodes. 



25 Example 11 - Construction of Transgenic Plants Expressing the lOkD Zein\OC I Fusion Protein 
The 10kDspl0kDzeinOC-l (Z10/OCI) fusion was constructed using the spliced 
overlapping extension (SOE) technique (Horton, R.M. et al , 1 989). This technique utilizes the 
polymerase chain reaction (PCR) to splice together two separate fragments. The PCR was first 
used to amplify the Z10 fragment from plasmid prep (993)Z10pMON316/DH5a using primers: 
30 SEQ ID NO: 1 PA (CTACAAGATCTGATATCATCGATG) and 

SEQ ID NO: 2 PB (GACATGGATCCGAATGCAGCAC) 
to produce a product approximately 500 base pairs (bp) in length. The OC-1 fragment was 
amplified from plasmid (809) OclpSP73/DH5ce using primers: 

SEQ ID NO: 3 PC (GTGCTGCATTCGGATCCATGTCG) and 
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SEQ ID NO: 4 PD (CCGGTACCCTTAAATCGATGC) 
to produce a product of 322 bp fragment. The two PCR products were combined in equal 
concentrations and used as the template for the second PCR reaction. To obtain the desired 
Z10/OC1 fragment the primers, PA and PD, were used to produce a fragment of 800 bp. The 
5 bolded and larger nucleotides in the primer sequence PA, PB, and PC represent the sequences 
taken from the Z10 fragment. The smaller nucleotides in primer sequence PB, PC, and PD 
represent the sequence taken from Ocl. The bolded nucleotides are from the Z10 sequence and 
the smaller nucleotides are from the Ocl sequence. The primer sequences in Figure 9 are 
underlined and the primer name is in bold above or below the primer sequence. The underlined 

1 0 primer sequences PB and PD in Figure 9 are the reverse complement of the PB and PD sequence 
listing above. The orientation of the primer is indicated by arrows. 

In order to clone this fragment into NewpFLAG- 1 (NPF- 1 ) the PCR fragment was made 
blunt ended by the addition of Klenow and dNTP's and ligated to NPF-1 digested with EcoRl 
and made blunt ended by the addition of Klenow and dNTP's. The Z10/OC1NPF-1 was ligated 

1 5 and transformed into DH5a competent cells. Once the presence of the insert was confirmed by 
PCR the Z 1 0/OC 1NPF- 1 was induced with IPTG and the induced protein was run on a Western 
blot. The protein samples were run in triplicate and probed with Z10, OC-1, and FLAG 
polyclonal antibodies. Reaction with all three antibodies proved that the entire construct was 
in frame. This Western blot data together with sequences analysis confirmed the accuracy of 

20 the nucleotide sequence. Sequence analysis was important to confirm that no PCR induced 
errors were introduced. However, before sequencing, the construct was digested with Bgl II and 
Kpnl and ligated into similarly digested pSP73 . 



Example 12 — Tobacco Leaf Disc Transformation 

25 In order to transform tobacco plants, the construct needed to be subcloned into plasmid 

pGG. Both the Z10/OC1NPF-1 and pGG were digested with Bgl II and Kpn I, ligated, and 
transformed into DH5a. The presence of the insert was confirmed with PCR. Figure 10 is an 
overview of the construction of Z10/OC1 . The plasmid pGG-2 is a derivative of pMON3 16 
(Rogers et ah, 1987) with the addition of the AMV coat protein to enhance translation (Sutton, 

30 D.W. et al 9 1992). Triparentalmatings with pTiT37SE (Rogers et al 9 supra) were used to co- 
integrate pGG-2 containing the Z10/OC1 insert. Tobacco leaf discs were transformed by the 
method of Horschefa/. (Horsche/tf/., 1985). When individual tobacco shoots were visible they 
were transferred to Murashige and Skoog media (Murashige, T. and Skoog, F., 1 962) containing 
clafaran (500 uf/ml) and kanamycin (100 ug/ml). The individual plants were then tested for 



WO 00/40738 PCT/US99/08525 

22 

protein expression by Western blot. 

Figures 1 1 A and 1 IB are Western blots showing positive reaction with both the Zl 0 and 
OC1 antibodies. 



5 It should be understood that the examples and embodiments described herein are for 

illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of this 
application and the scope of the appended claims. 
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Claims 



1 1 . A plant or plant tissue comprising a storage protein that is expressed and accumulated 

2 as a protein body in a vegetative tissue of said plant or plant tissue. 

1 2. The plant or plant tissue, according to claim 1 , wherein said storage protein is rumin 

2 stable. 

1 3. The plant or plant tissue, according to claim 2, wherein said rumin stable protein is 

2 a zein protein. 

1 4. The plant or plant tissue, according to claim 3, wherein said zein is selected from the 

2 group consisting of the 15kD zein and lOkD zein. 

1 5. The plant or plant tissue, according to claim 1 , wherein said plant co-expresses both 

2 the 15kD and lOkD zein proteins. 

1 6. The plant or plant tissue, according to claim 1, wherein said storage protein is 

2 constitutively expressed in said plant or plant tissue. 

1 7. A method for increasingthe forage quality of a plant, comprising transforming a plant 

2 or plant tissue with a polynucleotide molecule that encodes a storage protein that is expressed 

3 and accumulated as a protein body in a vegetative tissue of said plant or plant tissue. 

1 8. The method, according to claim 7, wherein said storage protein is rumin stable. 

1 9. The method, according to claim 8, wherein said rumin stable protein is a zein protein. 

1 10. The method, according to claim 9, wherein said zein is selected from the group 

2 consisting of the 15kD zein and lOkD zein. 

1 11. The method, according to claim 7, wherein said plant co-expresses both the 1 5kD 

2 and lOkD zein proteins. 
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1 1 2. A method for increasingthe stability and storage of a heterologous protein in a plant, 

2 comprising transforming a plant or plant tissue expressing a heterologous protein with a 

3 polynucleotide molecule that encodes a storage protein that is expressed and accumulated as a 

4 protein body in a vegetative tissue of said plant or plant tissue. 

1 13. The method, according to claim 12, wherein said storage protein is rumin stable. 

1 14. The method, according to claim 13, wherein said rumin stable protein is a zein 

2 protein. 

1 15. The method, according to claim 14, wherein said zein is selected from the group 

2 consisting of the 15kD zein and lOkD zein. 

1 16. The method, accordingto claim 12, wherein said plant co-expresses both the 15kD 

2 and lOkD zein proteins. 

1 17. A composition comprising a rumin stable protein body, wherein said protein body 

2 is expressed and accumulated in a plant. 

1 1 8. The composition, according to claim 1 7, wherein said protein body comprises a zein 

2 protein. 

1 19. The composition, according to claim 1 8, wherein said zein protein is selected from 

2 the group consisting of the 15kD and lOkD zein. 



1 20. The composition, according to claim 1 7, wherein said protein body comprises the 

2 15kDand lOkDzein. 
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SEQUENCE LISTING 
<110> New Mexico State University Technology Transfer 
120> Co-Expression of Proteins 
<130> MPS-410C2 
<140> 09/224,655 
<141> 1998-12-31 
<150> 08/866,879 
<151> 1997-05-30 
<150> 60/020/424 

<151> 1996-05-30 
<160> 6 

<170> Patentln Ver. 2.0 
<210> 1 
<211> 24 
<212> DNA 

<213> Unknown 

<220> 

<22 3> Description of Unknown Organism: Synthetic 
<400> 1 

ctacaagatc tgatatcatc gatg 24 
<210> 2 
<211> 22 

<212> DNA 

< 2 1 3 > Unknown 

<220> 

<223> Description of Unknown Organism: Synthetic 
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<400> 2 
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2 



gacatggatc cgaatgcagc ac 



22 



<210> 3 
<211> 23 
<212> DNA 
<213> Unknown 
<220> 

<223> Description of Unknown Organism: Synthetic 
<400> 3 

gtgctgcatt cggatccatg teg 23 
<210> 4 
<211> 21 

<212> DNA 
<213> Unknown 



<220> 



<223> Description of Unknown Organism: Synthetic 



<400> 4 



ccggtaccct taaatcgatg c 



21 



<210> 5 



<211> 444 



<212> DNA 



<213> Zea mays 



<400> 5 

agatctgtat catcgatgaa ttceggaage aaggacacca ccgccatggc agecaagatg 60 



WO 00/40738 

catattccag ggcacttgcc accagtcatg 

tactgcatga tgcaacaggg gcttgccagc 

caactgttgg ccttaccgct tcagacgatg 

aacatgatgt caccattgat gatgccgagc 

atgtcgcaaa tgatgatgcc acaatgtcac 

cagcagttac cattcatgtt caacccaatg 
caaccctttg ttggtgctgc attc 



PCT/US99/08525 

3 

ccattgggta ccatgaaccc atgcatgcag 12 0 
ttgatggcgt gtccgtccct gatgctgcag 180 
ccagtgatga tgccacagat gatgacgcct 24 0 
atgatgtcac caatggtctt gccgagcatg 3 00 
tgcgacgccg tctcgcagat tatgctgcaa 360 
gccatgacga ttccacccat gttcttacag 42 0 

444 



<210> 6 
<211> 322 
<212> DNA 



<213> Oryza sativa 
<400> 6 



ggatccatgt cgagcgacgg agggccggtg 
aacgacctcc acctcgtcga cctcgcccgc 
aattccctgc tggagttcga gaagcttgtg 
ttgtactatt tcacaattga ggtgaaggaa 
gtctgggaga aaccatggat ggacttcaag 
tcggcatcga tttaagggta cc 



cttggcggcc tcgagccggt ggggaacgag 60 
ttcgccgtca ccgagcacaa caagaaggcc 12 0 
agtgtgaagc agcaagttgt cgctggcact 18 0 
ggggatgcca agaagctcta tgatgctaag 24 0 
gagctccagg agttcaagcc tgtcgatgcc 3 00 

322 
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